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Effect of vasopressin and serosal hypertonicity on toad urinary
bladder. The mucosal surface of toad urinary bladder was exam-
ined with scanning electron microscopy following its exposure to
20 mU/mI of vasopressin (VP), l0 M 8-bromo-cAMP, 1 mM
acetylcholine chloride, serosal hypei-tonicity, or a hypotonic
bathing medium. After a 30-mm exposure to VP, the arborizing
ridge-like surface pattern typical of granular cells was trans-
formed into microvilli, a response that was not dependent on
transepithelial osmotic water movement. An identical response
occurred following a 30-mm exposure of the bladder to 8-bromo-
cAMP, again in the absence of an osmotic gradient, Microvillus
formation was not observed when cell volume was increased by
incubation of tissue in half-normal amphibian Ringer's solution
for 30 mm, or with exposure to acetylcholine, which caused ac-
centuation of the convexity of the apical surface of the granular
cell similar to that observed with VP-induced osmotic water
flow. However, 60 mm of incubation in a hypertonic serosal me-
dium (mannitol, 240 mM) caused transformation of ridges to mi-
crovilli mimicking the picture obtained with VP. These findings
establish that transepithelial osmotic water flow with cell swell-
ing is not required for microvillus formation on the apical sur-
face of granular cells following VP stimulation, and that the sur-
face changes are not due to cell swelling alone or to changes in
the configuration of the apical plasmalemma. The results also
suggest that the response to VP is mediated via the generation of
cAMP. Finally, this study demonstrates that serosal hyper-
tonicity also causes transformation of ridges to microvilli by a
mechanism that is yet to be defined.
Effet de Ia vasopressine et de l'hypertonicite du côté séreux de Ia
vessie urinarie de crapaud. La face muqueuse de Ia vessie un-
naire de crapaud a été étudiée en microscopie a balayage après
exposition a 20 mU/mi de vasopressine (VP), a i0 M de 8-
bromo-cAMP, a 1 mrt de chiorure d'acétylcholine, a une hyper-
tonicité sur Ia face séreuse ou a un milieu ambiant hypotonique.
AprIs 30 mm d'exposition a VP, l'aspect typique des cellules
granulaires fait place a des microvillosités, et cette réponse ne
depend pas du mouvement osmotique d'eau transépithélial. Une
réponse identique est observée après 30 mm d'exposition a 8-
bromo-cAMP, là encore en l'absence de gradient osmotique. La
formation de microvillosités n'a pas lieu quand le volume cellu-
laire est augmenté par l'incubation du tissu dans du Ringer demi-
normal d'amphibien pendant 30 mm ou par l'exposition a
l'acétylcholine qui determine l'augmentation de Ia convexité de
Ia surface apicale de Ia cellule granuleuse, semblable a celle ob-
servée avec le debit osmotique d'eau produit par VP. Soixante
minutes d'incubation avec du milieu séreux hypertonique (man-
nitol, 240 mM) determine cependant Ia transformation en micro-
villosités et realise Ia même image que VP. Ces constatations
établissent que le debit osmotique d'eau transépithélial avec
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gonflement cellulaire n'est pas nécessaire a Ia formation de mi-
crovillosités sur Ia surface apicale des celluies granuleuses après
stimulation par VP et que les modifications de surface ne sont
pas liées au gonflement celiulaire lui-même ou a des modifica-
tions du plasmalemme apical. Les résultats suggèrent aussi que
Ia réponse a VP a pour médiateur la génération de cAMP. Enfin
ces etudes démontrent que l'hypertonicité séreuse determine
aussi l'appanition de microvillosités par un mécanisme qui reste
a définir.
Scanning electron microscopy has been used re-
cently to examine the response of the toad urinary
bladder to vasopression (VP). In 1974, Davis et a!
[1] demonstrated that VP stimulation of toad uri-
nary bladder abolished the characteristic ridge-like
surface pattern of nonstimulated granular cells,
which comprise approximately 70% to 85% of the
epithelium of this tissue [2, 3], and caused the emer-
gence of numerous individual microvilli on the cell
surface. The results were identical in the presence
and absence of an osmotic gradient; hence, the find-
ings did not appear to require the presence of os-
motic water flow. Later, Spinelli, Grosso, and de
Sousa [4] and, more recently, Mills and Malick [5]
reported similar findings in the toad bladder after
VP stimulation, but only when a transepithelial os-
motic gradient, and, hence, osmotic water flow,
was present. Because of these conflicting results
and their potential importance in our understanding
of the role of the apical membrane of the granular
cell in the control of transepithelial movement of
water following VP stimulation, the present study
was initiated to establish whether the previously de-
scribed surface changes of the granular cell are a
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consequence of cell swelling alone due to the hydro-
osmotic response of the epithelium, or whether they
represent the response of the cell to molecular
events induced by VP or its mediator, cyclic adeno-
sine monophosphate (cAMP). If the first proposi-
tion is correct, any experimental maneuver that in-
creases cell volume or quite possibly that alters cell
shape might be expected to reproduce the modifica-
tions that occur with VP-induced cell swelling. On
the other hand, if the surface changes represent the
response of the cell to VP, they should occur in the
absence of a transepithelial osmotic gradient, thus
in the absence of osmotic water flow.
Methods
The toad (Bufo marinus) was used in all experi-
ments. Paired urinary hemibladders were excised
from doubly-pithed male toads and immediately
placed in amphibian Ringer's solution with the fol-
lowing composition in mmoles/liter: sodium chlo-
ride, 111; potassium chloride, 3.4; sodium bicarbo-
nate, 4.0; calcium chloride, 2.7; and dextrose, 5.
The pH of the solution in equilibrium with room air
was 7.8 to 8.0, and the osmolality was 220 to 230
mOsmlkg H20.
Preparation of tissue. For most experiments, the
hemibladders were divided into small pieces, ap-
proximately 5 mm x 5 mm in size, and immersed in
a Petri dish containing aerated isotonic amphibian
Ringer's solution of standard composition. This was
done largely to avoid the potential influence of vari-
ation in the degree of stretch of the bladder wall on
surface morphology, a variation that occurs with
the use of sac preparations or chambers, and to
eliminate any possibility for the existence of a trans-
epithelial osmotic gradient. Tissue for control and
experimental observations was always obtained
from the same hemibladder. In those experiments in
which the effect of hypertonicity or hypotonicity on
cell surface was evaluated, one quarter bladder was
mounted on the end of a glass cannula with the sero-
sal surface facing outward [6]; the remaining quar-
ter bladder was divided into separate pieces. Identi-
cal sac and tissue pieces were prepared from the
paired hemibladder to serve as controls. Tissue
from at least four hemibladders with appropriate
control preparations for comparison was subjected
to each experimental condition that was studied. All
experimental manipulations were performed after 2
hours of incubation.
Experimental conditions. The following experi-
mental conditions were studied: (1) Response to
vasopressin (N = 16)1. These experiments were de-
signed to establish whether the conversion of ridges
to individual microvilli on the surface of the VP-
stimulated granular cell could occur in the absence
of osmotic water flow with attendant cell swelling.
Aqueous vasopressin (Parke Davis and Co., De-
troit, Michigan), at a concentration of 20 mU/ml,
was added to the solution bathing the individual
pieces of bladder, and the tissue was then incubated
for 30 mm before fixation. (2) Response to cAMP (N
= 14). To establish the role of cAMP in the control
of surface structure, we added 10 M 8-bromo-
cAMP (Sigma, St. Louis, Missouri) to the bath, and
incubated the tissue for 30 mm before fixation. (3)
Cell swelling without vasopressin. To determine
whether an increase in cell volume might act inde-
pendently of VP to cause transformation of ridges
to microvilli, we incubated sacs and pieces of blad-
der in amphibian Ringer's solution diluted 1:1(110
mOsmlkg H20) (N = 15) or 1:2 (75 mOsmlkg H2O)(N = 4) for 30 mm to promote cell swelling to a
degree comparable to or exceeding that occurring
during VP-induced osmotic water flow. (Prelimi-
nary studies established that tissue exposed to di-
lute serosal solutions of this degree still responded
normally to addition of VP at a concentration of 20
mU/mi after cell volume was restored to normal by
incubation for 1 hr in isotonic amphibian Ringer's
solution.) (4) Response to acetylcholine (N = 10).
These studies were conducted to exclude the possi-
bility that extreme changes in the shape of the sur-
face of the granular cell exclusive of an increase in
volume might result in transformation of ridges to
microvilli in the granular cell. Pieces of bladder
were incubated in 1 mrt acetylcholine added to am-
phibian Ringer's solution for 30 mm before fixation.
(5) Hypertonicity (N = 28). Because incubation of
toad bladder epithelium in a hypertonic serosal bath
is known to increase transepithelial water flow [7],
sacs and individual pieces of bladder were in-
cubated for 60 mm in a bath of amphibian Ringer's
solution made hypertonic by the addition of manni-
tol at a concentration of 240 m to achieve a final
osmolality of 470 mOsm/kg H20 before fixation. Os-
motic water flow (J) was measured gravimetrically
[8] at 10-mm intervals in each of the sac prepara-
tions subjected to the hypertonic serosal bath dur-
ing the 60-mm incubation period. Transepithelial
potential difference and short circuit current were
1N is the number of hemibladders studied in each experimental
condition
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also monitored throughout the experimental period
[9, 10].
Preparation of tissue for scanning electron mi-
croscopy. Immediately after completion of the ex-
perimental period, the individual pieces of bladder
or sacs were fixed for 30 mm by immersion in a
1.3% glutaraldehyde solution containing 0.05 M so-
dium cacodylate buffer (pH, 7.4; osmolality, 220 to
230 mOsm/kg H20), the osmolality of which
matched that of the amphibian Ringer's solution. In
those experiments in which the tissue was in-
cubated in a hypotonic bath, the fixative solution
was diluted 1:1 or 1:2 by the addition of distilled
water, so that the osmolality of the original bath and
the fixative were matched. In experiments in which
the tissue was subjected to a hypertonic bath, tissue
preservation was also conducted with an os-
motically-balanced solution made hypertonic by the
addition of sodium chloride. After fixation, the tis-
sue was rinsed in a sodium cacodylate buffer of
identical osmolality and stored at 4° C in the same
buffer before dehydration and critical-point drying
as previously described [11]. The dried specimens
were mounted on aluminum stubs with double-
sided scotch tape before coating to a thickness of
approximately 100 A in a Hummer V sputter coater
(Technics, Inc., Alexandria, Virginia) with gold-
palladium. All specimens were examined and pho-
tographed with an "autoscan" scanning electron
microscope (ETEC Corp., Hayward, California)
operating at 10 kV. To ensure unbiased inter-
pretation of the results, we coded each tissue piece
or sac preparation so that examination of the blad-
ders with scanning electron microscopy would be
performed without knowledge of the experimental
condition.
Results
Morphologic observations (Figs. Ito 5)
Response to vasopressin. The results of these ex-
periments are depicted in Fig. 1, a (control) and b
(experimental). In tissue bathed in isotonic amphib-
ian Ringer's solution in the absence of VP, the gran-
ular cells exhibited a typical ridge-like surface pat-
tern that was uniform in character from one region
of the cell to another as well as from cell to cell. In
contrast, following 30 mm of exposure to VP, the
surfaces of the granular cells were uniformly cov-
ered with individual microvilli. To evaluate the con-
sistency of the response to VP, we selected at least
20 separate areas, each containing 10 to 15 cells,
at random for examination at a magnification of
x 3000. More than 90% of the total number of cells
that were examined were covered with microvilli.
Mitochondria-rich cells exhibited no detectable
change in surface configuration. The results demon-
strate that the changes in surface configuration fol-
lowing VP exposure can occur in the absence of cell
swelling secondary to osmotic water flow. The find-
ings suggest that the transformation of ridges to mi-
crovilli is mediated via an action of the hormone
that is independent of transepithelial osmotic water
flow.
Response to cAMP. The results of these experi-
ments are depicted in Fig. 2, a (control) and b (ex-
perimental), and demonstrate that 30 mm of ex-
posure to l0 M 8-bromo-cAMP also causes trans-
formation of ridges to individual microvilli on the
surface of the granular cells. The uniformity of re-
suits was identical to that obtained following ex-
posure to VP. Again, the effect of the cyclic nude-
otide appeared to be limited exclusively to the gran-
ular cells. These findings suggest that the action of
VP in altering the surface changes of the granular
cells occurs via the generation of cAMP and its sub-
sequent action on the apical cell membrane by a
mechanism(s) not yet defined.
Response to cell swelling independent of VP. The
results of these experiments are depicted in Fig. 3, a
(control) and b (experimental). Despite an increase
in cell volume comparable to that induced by VP in
the presence of an osmotic gradient, the typical
ridge-like surface pattern was preserved in the gran-
ular cells exposed to hypotonic medium diluted 1:1.
The results were the same in tissue exposed to a
hypotonic medium diluted 1:2.
Response to acetvlcholine. The results of these
experiments are depicted in Fig. 4, a to c. Acetyl-
choline caused intense contraction of the muscular
layer of the bladder, throwing the wall into deep
folds and causing palisading of the epithelium (Fig.
4a). Despite the marked accentuation of the normal
convexity of the apical surface of the granular cell,
there was, however, no evidence of transformation
of the ridges to individual microvilli (Fig. 4c) when
comparisons were made with the unstimulated con-
trol preparation (Fig. 4b). Thus, changes in cell
shape alone did not influence the surface configura-
tion of the granular cells.
Response to hypertonicity. The results of these
experiments are shown in Fig. 5, a (control) and b
(experimental). After 60 mm of exposure to the
serosal bathing solution made hypertonic by the ad-
dition of mannitol, the ridge-like surface pattern of
the granular cells (Fig. 5a) gave way to the forma-
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Fig. 1.Appearance of toad urinary bladder bathed in isotonic amphibian Ringer's solution on both the mucosal and serosal surfaces. a
Control hemibladder shows granular cells with characteristic ridge-like mucosal surface structure (x9,000). b Experimental hemibladder
exposed to VP (20 ml.J/ml) for 30 mm shows granular cells with individual microvilli (x9,000).
Fig. 2. Toad urinary bladder bathed in isotonic amphibian Ringer's solution on both the mucosal and serosal surface. a Control hemi-
bladder has characteristic ridge-like surface pattern. A goblet cell is present at the lower center of the figure (X9,000). b Experimental
hemibladder exposed to 10" M 8-bromo-cAMP for 30 mm shows granular cells covered with individual microvilli (X9,000). An unaf-
fected mitochondria-rich cell is shown at the upper right.
tion of individual microvilli (Fig. 5b) identical to
that observed after stimulation with VP and cAMP.
Again, semiquantitative evaluation revealed that
more than 90% of the cells examined exhibited indi-
vidual microvilli. The findings were identical in the
individual sacs and those pieces of bladder that
were immersed in the hypertonic solution.
Physiologic observations
The pattern of J, that was observed in the toad
bladder sacs during the 60 mm of incubation in the
hypertonic serosal bath is depicted in Fig. 6. Within
40 mm of incubation, J, reached a plateau and did
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Fig. 3. Scanning electron micrograph depicting the appearance of granular cells of toad bladder bathed in amphibian Ringer's solution
(a, control hemibladder; x9,000) and after exposure to hypotonic Ringer's solution to cause cell swelling (b, experimental hemibladder;
X9,000). The characteristic ridge-like surface pattern of the granular cells is identical in the two conditions.
Fig. 4. Scanning electron micro graph of toad urinary bladder exposed to 1 misi acetylcholine for 30 mm. a A low-magnification view of
experimental hemibladder is shown (x 200). b A control hemibladder bathed in isotonic Ringer's solution only is shown (X 9,000).
c A higher magnification of experimental hemibladder is shown (x9,000). Note that the granular cells in both control and experimental
hemibladders possess the characteristic ridge-like surface pattern.
'<1 A
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Fig. 5. Scanning electron micrograph of toad urinary bladder. a Control hemibladder bathed in isotonic Ringer's solution with ridge-
like pattern over the mucosal surface of granular cells is shown. A goblet cell is present at the lower left of the figure (x8,000). b Ex-
perimental hemibladder exposed to a hypertonic serosal bath causing transformation of ridges to individual microvilli is shown. A
goblet cell is present at the upper left of the figure (X8,000).
Discussion
The results of the present study demonstrate that
a transepithelial osmotic gradient is not required for
VP-induced transformation of the arborizing ridge-
like pattern to individual microvilli on the surface of
the granular cell in toad urinary bladder. In addi-
tion, the data suggest that the response to VP is me-
diated via the generation of cAMP, and that the for-
mation of microvilli is not the result of cell swelling
alone, or due to changes in the configuration of the
apical plasmalemma that also occur during VP-in-
duced osmotic water flow. Finally, the study dem-
onstrates for the first time that serosal hyper-
tonicity, another means of promoting an increase in
transepithelial osmotic water flow, also acts as a
stimulus for the transformation of ridges to micro-
villi on the surface of the granular cell.
The demonstration that transepithelial osmotic
water flow is not required for the formation of indi-
vidual microvilli over the surface of granular cells is
consistent with the findings obtained earlier by Da-
vis et al [1], but it is at variance with those reported
by Spinelli, Grosso, and de Sousa [4] and Mills and
Malick [5]. Although Spinelli et al [4] observed ei-
ther microvilli or ridges in sac preparations not ex-
posed to VP, and microvilli in sac preparations that
were exposed to vasopressin in the absence of a
gradient, they found a marked loss of microvilli in
bladders subjected to both VP and an osmotic gradi-
ent, and, hence, in the presence of transepithelial
osmotic water flow. Mills and Malick [5] were un-
able to demonstrate a consistent pattern of individ-
ual microvilli over the surface of granular cells fol-
lowing exposure of the bladder to 40 to 200 mU/mi
of aqueous VP unless transepithelial osmotic water
flow was present.
The reasons for the difference in findings among
the various groups of investigators is not immedi-
ately obvious. The techniques used, however, to
study the toad urinary bladder, including experi-
mental protocols and morphological preparation
procedures, have varied widely from one investiga-
tion to another. Initially, it is possible that the de-
gree of tissue-stretching inherent in the chamber or
sac preparations may explain some of the dis-
crepancies. Danon, Strum, and Edelman [2], using
scanning electron microscopy, have previously
demonstrated variations in surface morphology in
bladders stretched over plastic (Lucite) rings or pre-
pared as sacs and subjected to varying degrees of
hydrostatic pressure. Granular cells from stretched
bladders exhibited central areas devoid of micro-
villi, whereas microvilli located more peripherally
were shortened. Earlier ultrastructural studies [12,
13] had demonstrated both diminution and dis-
appearance of microvilli from the surface of granu-
lar cells of stretched bladders. All these investiga-
tors noted considerable variation in the degree of
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Fig. 6. Time course of the hydroosmotic response to serosal hy-
pertonicity. Water flow was measured gravimetrically at 10-mm
intervals in six hemibladders. Mannitol (240 mM) was added to
the serosal bath at time 0.
stretch within the individual tissues when they were
mounted as sacs.
In the present study, isolated fragments of tissue
were used purposely to avoid stretching or other-
wise deforming the surface configuration of epithe-
hal cells in situ, as well as to eliminate any possi-
bility of creating a transepithelial gradient across
the tissue. Development of this technique was
prompted by preliminary experiments that used the
traditional sac preparation for both morphologic
and physiologic examination. Quite often the mor-
phology of the granular cells in the sac preparations
was not consistent within any individual sac, in con-
trast to findings in our unstretched tissue prepara-
tions. In the present study, a consistent transforma-
tion of ridges to microvilli was obtained in the un-
stretched tissue preparations in which both the
mucosal and serosal surfaces of the tissue were
bathed in osmotically matched solutions before and
during stimulation with VP. In addition, microvilli
were present uniformly over the entire surface of
each cell in more than 90% ofcells that were exam-
ined. In the study by Mills and Malick [5], the blad-
ders were stretched over frames as diaphragms and
mounted in double plastic (Lucite) chambers. These
investigators reported that in almost every bladder
that was examined, the two extremes of surface
configuration, microvilli or ridges, as well as inter-
mediate conditions, were observed. Thus, it ap-
pears possible that the findings reported by these
investigators [5] may have been influenced by the
degree of stretch applied to the bladder, which may
explain the difference in results between their study
and the present investigation.
Variations in preparation of tissue for scanning
electron microscopy may also account for certain
discrepancies in morphologic findings from one
study to another. For example, Spinelli et al [4] air
dried their bladder sac preparations after fixation
and dehydration. The specimens then were coated
with carbon and gold to a total thickness of approxi-
mately 300 A. In addition to the stretch-induced
morphologic variations that could occur in the sac
preparation they used, the methods of drying and
coating that were used could affect the appearance
of the surface of the granular cell. Cells comprising
the epithelium of the toad urinary bladder are not
sufficiently rigid to withstand the stresses that occur
during air drying when shrinkage of the cell cyto-
plasm occurs, leading to alteration of both the cell
volume and cell surface structure. The higher the
water content of the cell, the greater the likelihood
of distortion, even when the water has been re-
placed by a solvent such as acetone [14-16]. In tis-
sue prepared in this manner, it may be difficult, if
not impossible, to distinguish between those
changes in cell surface morphology that have been
induced by the experimental manipulation and
those occurring as a result of the preparation proce-
dures. The marked loss of blunt microvilli in blad-
ders exposed to an osmotic gradient (1:5 dilution of
mucosal bath) and stimulated with vasopressin as
previously reported [4] may simply reflect increased
surface distortion during the air drying of cells that
have an increased water content. The same ex-
planation may apply to bladders exposed to a hypo-
tonic medium (2:1 dilution of serosal bath) [4] and
subsequently air dried, in which loss of microvilli
and blistering of cell borders were observed. It also
appears possible that the excessively thick con-
ductive surface coating used by Spinelli et al [4]
may have obscured the surface detail of the tissue.
Because earlier studies [4, 5] had indicated that
transepithehial water flow with attendant cell swell-
ing and consequently increased cell volume was
necessary for the formation of microvilhi, the ability
of cell swelling to cause transformation through an
action independent of VP was tested. When tissue
was immersed in a hypotonic medium (1:1 and 1:2
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dilution) to induce cell swelling to a degree com-
parable to that occurring during VP-induced os-
motic water flow [17], the ridge-like surface pattern
of the granular cell was still preserved. Thus, cell
swelling alone did not appear to represent either a
primary or an alternate mechanism for the produc-
tion of microvilli. Likewise, efforts to mimic the al-
terations in curvature of the plasma membrane nor-
mally occurring during cell swelling through the use
of acetylcholine were also unsuccessful in altering
the ridge-like surface of the granular cell. Thus, it
appeared that VP was required for the conversion
of ridges to microvilli in this cell system.
To explore the mechanism responsible for the
surface phenomenon further, we exposed additional
bladders to 8-bromo-cAMP. The conversion of
ridges to microvilli in a manner identical to that ob-
served with VP under the influence of this cyclic
nucleotide suggests the possibility that the mecha-
nism responsible for surface changes following VP
stimulation involves the generation of cAMP. Thus,
in many ways the action of VP to alter the configu-
ration of the apical membrane of granular cells re-
sembles that involved in increasing the water per-
meability of this membrane.
The successful use of a hypertonic bathing medi-
um to cause a similar transformation of ridges to
microvilli was an unexpected finding. Incubation of
amphibian urinary bladder in hypertonic media is
known to increase transepithelial water flow and de-
crease sodium transport [7]. This increase in trans-
epithelial water flow is present not only when the
osmolality of the serosal solution is increased as in
the sac preparation, but also when both serosal and
mucosal solutions are made hypertonic [18], as in
the isolated fragment preparation. Although one
could argue that in both circumstances J, is in-
creased and thus could be implicated in the genesis
of the surface changes, it must be emphasized that
in neither case is there cellular swelling; on the con-
trary, as shown by Ripoche and Pisam [19], the cells
are shrunken. Thus, once again, cell swelling can-
not be invoked to account for the surface changes.
The mechanism responsible for microvillus for-
mation in response to serosal hypertonicity is un-
known. In fact, at present, the mechanism respon-
sible for the change in water permeability of the
apical membrane induced by serosal hypertonicity
remains obscure. With respect to changes in water
permeability, it has been suggested that hyper-
tonicity could cause configurational changes in the
rate-limiting barrier (presumably the apical mem-
brane) similar to those induced by VP, but pro-
duced by physical forces related to cell shrinkage
rather than biochemical forces [7]. Others have sug-
gested that serosal hypertonicity may affect a bio-
chemical step that is normally involved in the physi-
ologic response of the epithelium to VP, but con-
trolled by some as yet unidentified osmo-sensitive
compartment in the tissue [18, 20]. If either of the
proposed mechanisms is operative, it may help to
explain why the morphologic response of the apical
membrane to serosal hypertonicity parallels that
observed after VP stimulation.
It does appear unlikely that the formation of mi-
crovilli following VP stimulation or exposure of the
epithelium to serosal hypertonicity is related to en-
hanced sodium transport. Mills and Malick [5]dem-
onstrated that inhibition of sodium transport with
ouabain did not prevent VP-induced microvillus
formation in toad bladder. In addition, serosal hy-
pertonicity is known to depress markedly sodium
transport, but to enhance water permeability of this
same epithelium [7].
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